Th e objective of our study was to analyze the presence of persistent submacular fl uid after apparently successful scleral buckle surgery for macula-off retinal detachment, using Optical Coherence Tomography (OCT), and to correlate these fi ndings to postoperative visual acuity.
INTRODUCTION
Optical Coherence Tomography (OCT) is a non-invasive, high-resolution, real-time imaging technique that enables the visualization of the retina and optic nerve head and analysis of their changes in vivo. Furthermore, Spectral domain Optical Coherence Tomography (SOCT) is a highly sensitive method for visualization of retinal layers with axial resolution of  to  μm [] . Many factors are identified that might influence the final outcome of scleral buckle surgery (SBS) for rhegmatogenous retinal detachment and include preoperative fi ndings such as: preoperative visual acuity [-] , patient age [] , anatomical features such as whether macula is attached or detached, duration of macular detachment [,] , extent of retinal detachment [] , position and number of retinal breaks [, ] , refraction (myopia, as a predisposing factor for retinal breaks) [] and formation of proliferative vitreoretinopathy [] . Besides the duration of macular detachment (DMD), many ultrastructural intraretinal abnormalities that occur in affected macula may compromise the final outcome following successful SBS for macula-off retinal detachment. Although postoperatively macula appears clinically reattached, development of cystoid macular oedema, epiretinal membrane or persistent submacular fluid (SMF) may affect the visual recovery and all of those changes can be visualized by OCT [-] . In case of persistent SMF, postoperative best corrected visual acuity (BCVA) can vary depending on the amount of the persistent SMF, but at the course of time, as SMF fl uid resolves, BCVA can improve. The aim of this prospective observational study is to evaluate the foveal architecture by OCT, with focus on persistent SMF and its effect on postoperative visual acuity, after clinically successful SBS.
MATERIALS AND METHODS

Patients
A prospective study of the consecutive patients hospitalized for macula-off retinal detachment who underwent scleral buckle surgery, between  February  and  April , at the Department for vitreoretinal surgery of the Clinic for Eye Diseases in Belgrade, was performed. Th is Department is the single referral centre for vitreoretinal surgery in Serbia.
Procedures
All patients underwent complete ophthalmological examination including medical history, visual acuity assessment (measured by Snellen chart at  m and converted to decimal notation), applanation tonometry, slit lamp examination, indirect ophthalmoscopy with D lens, fundus photography and OCT. Outcomes were evaluated , ,  and  months postoperatively, using OCT (SOCT Copernicus, Optopol Technology S.A., Zawiercie, Poland) and best corrected visual acuity (BCVA). Inclusion criteria of the study: all patients with uncomplicated retinal detachment with macular involvement (macula-off), who had a scleral buckle surgery performed. Exclusion criteria were: ) duration of the retinal detachment longer than one month, ) complicated retinal detachment in which SBS could not be performed (multiple retinal tears localized in more than  quadrants, gigantic tear, posterior tear, unreachable for scleral buckling, extensive proliferative vitreoretinopathy), therefore indicated for vitrectomy, ) associated ocular pathology (amblyopia, cataract, glaucoma, corneal or macular diseases) or a history of a previous eye surgery or ocular trauma, ) systemic diseases such as: diabetes, neurological diseases. In all cases, SBS was performed by the same surgeon. Th e surgical procedure included: transscleral cryopexy of the retina using a cryo-probe, stitching of an encircling silicone band (. mm) and a silicone explant to the sclera (one or more, corresponding in size and localisation to the position of the retinal tears). External drainage of subretinal fl uid was not performed due to the potential complications. Fundus photography and OCT were done at the discharge from the hospital (- days postoperatively), as well as during follow-up , ,  and  months after surgery. The study has followed the tenets of the Declaration of Helsinki, and was approved by the Ethics Committee of the Clinical Centre of Serbia. All patients were informed about the study and had signed the informed consent.
Statistical analysis
Data were analyzed using SPSS .. Methods used included Student's t-test for comparison of numerical variables, and χ or Mann-Whitney U test (as appropriate) for categorical variables. Th e level of statistical signifi cance was ..
RESULTS
In the study period,  patients ( eyes) had undergone scleral buckle surgery for macula-off retinal detachment. All patients were symptomatic and the onset of symptoms lasted between  and  days (mean  days) prior the SBS, which was considered as the time of duration of retinal (macular) detachment. Th e average age of patients was . ± . years. Among them,  were males and  females (Table  ) . Preoperatively, BCVA varied from light perception to .. One month postoperatively, on control fundus photography retina was reattached in all cases (Figure  and ) . However, OCT examination revealed differences in the amount of residual submacular fluid: while in some cases retina was completely reattached (Figure ) , in others residual submacular fl uid persisted ( Figure  ). Patients were therefore divided in two groups depending on the OCT findings: group A, patients with residual SMF () and group B, patients with macula reattached () ( Table ) . Groups were similar in respect to the gender (χ²=., p=.), age distribution (p=.) and mean duration of retinal detachment (p=.) ( whereas a minimal recovery was observed in group A (. ± .) comparing to the group B (. ± .). However, at  months after surgery, significant improvement of visual acuity (p<.) was registered in group A, with fi nal BCVA . ± . and mean increase in visual acuity of .. On the other hand, fi nal visual acuity (. ± .) didn't diff er much in group B comparing to the one-month-postoperative control, with insignificant (p=.) mean increase in visual acuity of . (Table ) . At examinations after  and  months postoperatively, the trend of VA improvement could be observed in both groups, but was significant only in group A ( Figure  ) . Finally, visual outcome after a  month-follow-up was similar in both groups (p=.) ( Table ) .
DISCUSSION
Scleral buckle surgery is an excellent surgical procedure for the repair of uncomplicated retinal detachment. Success rate of this type of surgery is - [, ] . The results of the surgery depend mainly on the duration of the retinal detachment, especially on the time lapse between the separation of the sensory retina from the retinal pigment epithelium (RPE) in the macular area and the surgical repair (duration of macular detachment, DMD). Studies have shown that duration of macular detachment less than  days has a better prognosis and better final visual outcome comparing to cases with longer DMD [, ] . However, despite the excellent postoperative anatomical results, in cases with macula-off retinal detachment repair, functional recovery is limited. Th e major reason for that is a permanent damage to the macula during detachment from the RPE. Development of OCT technology allowed the investigation of those pathoanatomical changes and several studies have shown that after clinically successful scleral buckle surgery for macula-off RD, SMF persists in almost half of the cases (-. ) [, -] . Benson et al. [] identifi ed  patterns of submacular fl uid: confl uent fl uid, a single discrete bleb of fl uid and multiple blebs of fl uid. However even fi ne microstructural changes within the photoreceptor layer such as disruption of the inner segment/outer segment junction, irregular hyporeflectivity in the photoreceptor outer seg-FIGURE 1. Fundus photograph of a 51-year old man, 1 month after surgery for maculaoff rhegmatogenous retinal detachment with retina clinically reattached (left eye, VA: 0.6) (left) and OCT fi ndings of normal macular architecture (right).
FIGURE 2. Fundus photograph of a 53-year old woman, 1 month after surgery for macula-off retinal detachment, where retina appears to be reattached (right). However OCT shows shallow retinal detachment at the fovea and inferior part of the retina 1 month (top left) and 3 months (top right) postoperatively. However, retinal detachment gradually resolves and is extremely shallow in the fovea and perifoveal area 6 months postoperatively (bottom left) and fi nally completely resolves after 12 months (bottom right). During the follow up, visual acuity was 0.1 one month postoperatively, 0.4 at 3 and 6 months, and 0.6 at 12 months after surgery. ments, discontinuation of the external limiting membrane and hyperrefl ective spots in the outer nuclear layer could be detected and are associated with lower postoperative visual acuity [, , , ] . In addition, cystoid macular oedema and epiretinal membranes may also develop and could be visualized by OCT [, , ] . All those abnormalities are usually accompanied by symptoms such as prolonged, incomplete visual recovery [, , ] and metamorphopsia [, ] . Both studies of Gharbiya et al. [] and Cavallini et al. [] found that presence of persistent SMF correlated with postoperative visual function and with fi nal visual outcome. In most of the studies, SMF was fully reabsorbed within the period of  to  months after scleral buckle surgery [, , ] , or could be detected at  months postoperatively in a small percentage (- ) in the studies of Hagimura et al. [] , Wolfensberger et al. [] and Gibran et al. [] . In our study, SMF was completely reabsorbed in all cases after a -month-follow-up and thus yield a good visual recovery irrespectively to the fact that one-month-postoperatively in  of cases presence of residual SMF deteriorated visual acuity (to only . ± .). Th erefore, mean fi nal best corrected visual acuity was . in all cases (Table ) . Prolonged visual recovery in some patients after successful SBS for macula-off retinal detachment could be explained by postoperative presence of persistent SMF detected by OCT, which can last even up to  months. In the vast majority of those cases, gradual resorption of SMF in the period of  months results in the gradual recovery of visual function. Similarly to our results, Benson et al. [] , Wolfensberger et al. [] and Hagimura et al. [] found that improvement of visual acuity can last up to  months after surgery and that it correlates with the amount of residual SMF. On the contrary, in the study of Baba et al. [] the amount of residual SMF didn't correlate with the fi nal visual acuity. Th is may be due to the shorter follow up period in the latter study, of only  months. Finally, as in our study, Lecleire-Collet et al. [] concluded that presence of postoperative "infraclinical" foveal detachment did not influence the final visual acuity. Those findings are confirmed by Seo et al. [] , who furthermore stated that the amount of SMF present one month after surgery did not correlate with the time necessary for it to absorb. However, in the study of Lecleire-Collet et al. [] final visual acuity negatively correlated with height of the detachment at the central fovea and distance from the central fovea to the nearest undetached retina.
CONCLUSION
In conclusion, presence of SMF, diagnosed with OCT, can explain the extended recovery of visual acuity in patients after successful scleral buckle surgery for retinal detachment involving macula. Nevertheless, SMF does not influence the final visual acuity and it withdraws completely during the period of  months after surgery. Additional studies are needed to evaluate the effects of submacular fluid not only on the final visual acuity, but on the other visual function tests as well, such as contrast sensitivity, colour vision, microperimetry and multifocal electroretinography.
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